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A B S T R A C T

Purpose
Conventional medicine has had little to offer patients with inoperable pancreatic adenocarcinoma;
thus, many patients seek alternative treatments. The National Cancer Institute, in 1998, sponsored
a randomized, phase III, controlled trial of proteolytic enzyme therapy versus chemotherapy.
Because most eligible patients refused random assignment, the trial was changed in 2001 to a
controlled, observational study.

Methods
All patients were seen by one of the investigators at Columbia University, and patients who received
enzyme therapy were seen by the participating alternative practitioner. Of 55 patients who had
inoperable pancreatic cancer, 23 elected gemcitabine-based chemotherapy, and 32 elected enzyme
treatment, which included pancreatic enzymes, nutritional supplements, detoxification, and an organic
diet. Primary and secondary outcomes were overall survival and quality of life, respectively.

Results
At enrollment, the treatment groups had no statistically significant differences in patient
characteristics, pathology, quality of life, or clinically meaningful laboratory values. Kaplan-Meier
analysis found a 9.7-month difference in median survival between the chemotherapy group
(median survival, 14 months) and enzyme treatment groups (median survival, 4.3 months) and
found an adjusted-mortality hazard ratio of the enzyme group compared with the chemotherapy
group of 6.96 (P � .001). At 1 year, 56% of chemotherapy-group patients were alive, and 16% of
enzyme-therapy patients were alive. The quality of life ratings were better in the chemotherapy
group than in the enzyme-treated group (P � .01).

Conclusion
Among patients who have pancreatic cancer, those who chose gemcitabine-based chemotherapy
survived more than three times as long (14.0 v 4.3 months) and had better quality of life than those
who chose proteolytic enzyme treatment.

J Clin Oncol 28:2058-2063. © 2009 by American Society of Clinical Oncology

INTRODUCTION

Pancreatic cancer is one of the deadliest of all malig-
nancies; its rate of mortality and its incidence are
nearly equal.1 Only patients with localized disease or
those with unusual histology obtain long-term sur-
vival benefits from therapy. In 1998, the median
survival of patients with inoperable disease was ap-
proximately 6 months.

The Scottish embryologist John Beard first
proposed pancreatic proteolytic enzyme treat-
ment in 1906 and soon after published a mono-
graph, entitled The Enzyme Therapy of Cancer.2 In
1981, Nicholas Gonzalez began to evaluate the use of

proteolytic enzyme therapy. Twelve years later, in
1993, he was invited to present a series of cases at the
National Cancer Institute (NCI), which led him to
undertake a case series of alternative medical ther-
apy that included proteolytic enzymes, diet, nutri-
tional supplements, and detoxification procedures.
Among 11 patients with inoperable, biopsy-proven,
stages II to IV pancreatic adenocarcinoma, he re-
ported 81% survival at 1 year and 45% at 2 years.3

Four of the 11 patients survived for 3 years.
At nearly the same time, Burris et al4 re-

ported a trial in 126 patients who were randomly
assigned to receive either difluorodeoxycytidine (ie,
gemcitabine) chemotherapy or fluorouracil. The
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median survival was only 5.7 months for gemcitabine and was 4.4
months for fluorouracil, and this supported improvement in patient-
reported outcomes that led to approval of the drug by the US Food and
Drug Administration.4 Several subsequent studies have shown similar
results among patients with advanced disease.5-7 As a result of these
bleak survival reports and the promise of proteolytic enzyme therapy,
the NCI, in November 1998, funded a randomized, controlled, phase
III trial (No. NCT00003851). The primary objective of the study was
to compare the overall survival of patients with inoperable pancreatic
adenocarcinomatreatedwithstandardgemcitabine-basedchemother-
apy (ie, control arm) and an experimental proteolytic enzyme regimen
with adjunctive dietary and nutritional support plus detoxification
procedures (ie, experimental arm).

METHODS

Study Design

On November 13, 1998, the institutional review board for research with
human participants of the Columbia University Medical Center approved the
phase III trial protocol, but only three patients agreed to enter the trial during
the next 14 months if they were given enzyme therapy with ancillary nutri-
tional support. The protocol was amended on July 5, 2001, to a controlled,
observational design that compared patients with inoperable pancreatic ade-
nocarcinoma treated with either a control arm of gemcitabine-based chemo-
therapy or an experimental arm of proteolytic enzyme treatment. The primary
end point was overall survival, defined as time from enrollment to confirmed
date of death, and the secondary end point was quality of life. The design called
for the analyses to be monitored by an independent data safety monitoring
committee. The institutional review board approved the study protocol and
several amendment changes during the subsequent 5 years.

Recruitment

This study was widely publicized through the NCI and its Web site. All
patients who were interested were reviewed by the study chair or by one of the
coinvestigators. All laboratory, radiologic, and pathologic findings were re-
viewed at Columbia University Medical Center.

Eligibility Criteria

The enrollment criteria were carefully defined. To be eligible, study
patients had to be older than age 18 years, had to have an estimated life
expectancy of greater than 2 months, had to have an Eastern Cooperative
Oncology Group (ECOG) performance status of less than 3, and had to have a
histologically confirmed adenocarcinoma of the pancreas that was inoperable
because of advanced primary tumor or metastases (ie, stages II to IV). No prior
treatment was allowed, except surgery with noncurative intent, and patients
had to begin therapy within 8 weeks of diagnosis.

Patients who had undergone a prior Whipple procedure, who smoked
during the previous year, who had daily alcohol consumption during the past
year, who had prior illicit drug addiction, or who had allergy or intolerance to
pork were ineligible. Pregnant or lactating women were excluded. Enrollment
restrictions for the study also recognized the rigor of proteolytic enzyme
therapy; patients and their families had to be willing to undertake and be able
to administer the treatment at home, and to be able to eat solid food.

Proteolytic Enzyme Treatment

The enzyme treatment included orally ingested proteolytic enzymes,
nutritional supplements, detoxification, and an organic diet (unaltered from
the pilot study).3 Patients received three pancreatic enzyme and two magne-
sium citrate capsules with each meal. The patients also took specified numbers
of capsules with magnesium citrate and Papaya Plus every 4 hours on an empty
stomach. The dose for patients with stage II disease was 69 enzyme capsules,
and the dose for patients with stages III or IV was 81 capsules per day. After day
16, patients had a 5-day rest period and then resumed treatment on day 22.
Treatment could be adjusted by the physician and could be increased for

cancer progression. A diet that required at least 70% of the food to be raw or
minimally cooked was required. All food was organic. Prescribed detoxifica-
tion procedures included coffee enemas twice each day; skin brushing and
cleansing; salt and soda baths; and a liver flush, clean sweep, and purging.

Chemotherapy

Gemcitabine-based treatments were given on schedules outlined by the
treating oncologist. Nineteen of the patients received capecitabine (Xeloda,
Roche, Nutley, NJ) and docetaxel (Taxotere, sanofi-aventis, Bridgewater, NJ)
with gemcitabine every 21 days, as developed by one of the coinvestigators.8,9

One of the initial patients received gemcitabine alone; one patient received
gemcitabine plus taxotere; and two patients received gemcitabine plus cispla-
tin and taxotere. Patients were not monitored for dose and frequency of
treatments, both of which were left to the discretion of the treating physicians.

Modification of Study Design

Because of poor accrual in 2001, the study was changed to a nonrandom-
ized, controlled trial. Patients who wished to enroll were given a detailed
entrance interview; the patients were allowed to select which treatment arm
they preferred. Initial intention-to-treat procedure was followed for data anal-
ysis throughout the study.

Quality-of-life evaluation by the Functional Assessment of Cancer Ther-
apy questionnaire for pancreatic cancer (FACT-PA) was given to patients at
the time of enrollment and every 3 months for the first year of participation.
Pain and analgesic use was collected in a similar fashion. Patients in the
experimental arm received proteolytic treatment under the care of a practitio-
ner familiar with the regime; those in the chemotherapy arm received treat-
ment by whichever oncologist they selected. All patients were observed in
addition by their own physicians and could receive treatments unrelated to the
study from them. No attempt was made by the study team to influence any
treatment decisions.

Statistical Analyses

A patient’s propensity score is a measure of the likelihood that a patient
will receive a treatment that is not randomly assigned on the basis of his or her
covariate information, and it is used to control for differences in measured
selection factors for observational studies.10 To obtain the propensity scores,
we developed a logistic regression model in which the treatment group was the
dependent variable and the predictors of treatment were covariates (Table 1).
A log-rank statistic stratified by the three propensity score strata was used to
compare the treatment effects. Cox proportional hazard models then were
used to compare the relative risks of death as a result of the initial decision, and
analysis was adjusted for potential confounders, such as age at diagnosis, stage,
histology, performance status, and weight (Table 2).11

We used the FACT-PA questionnaire12,13 to measure quality of life at
baseline and at 3-month intervals for the next year. We assigned study partic-
ipants a zero score for each measurement scheduled after the date of their
death. Pain was assessed on a pain scale of 0 to 100, and analgesic use per

Table 1. Logistic Regression Model for Propensity Score

Parameter Estimate P

Intercept �1.90 .35
Age 0.016 .62
Sex

Male 0.00
Female �0.90 .16

ECOG performance status
0 0.00
1 1.09 .12
2 1.07 .36

Stage
II to III 0.00
IV 0.44 .46

Abbreviation: ECOG, Eastern Cooperative Oncology Group.

Enzyme Therapy Compared With Gemcitabine-Based Chemotherapy
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milligram of morphine equivalency was averaged over 24 hours.14 SAS version
9.0 (SAS Institute, Cary, NC) was used in all statistical analyses.

Stopping Rule

On February 17, 2005, because of the number of events in the enzyme
arm, the data safety monitoring committee established the following stopping
rule: At the 10th death among patients in the chemotherapy arm, if the
two-sided, adjusted, log-rank test rejected the null hypothesis at a type I error
rate of .001, the study was to be closed to accrual.

RESULTS

Of 70 patients with pancreatic cancer who expressed interest in the
study, 15 patients were excluded (Fig 1); nine did not meet the trial
inclusion criteria; and one additional patient signed a consent form
that was misplaced because of a change in staffing. Five additional
patients had a delay in enrollment of greater than 8 weeks from the
date of diagnosis and, thus, were ineligible. Several of these subjects
were originally treated as part of the trial due to extenuating circum-
stances at the time of evaluation resulting in excessive elapsed time
between diagnosis and therapy. Subjects often traveled great distances
to be considered for this trial, and on several occasions, obtaining data
at long distance or the requirement for subject travel (eg, travel to New
York around the time of September 11, 2001) resulted in excessive
delay. Data from these subjects are not included in the data reported in
this article, in order that the analysis apply to subjects that strictly meet
the inclusion criteria.

On October 17, 2005, the stopping rule criterion was met, and the
study was closed to accrual. Fifty-five patients, 23 on the control arm
and 32 on the experimental arm, enrolled on the study and were
available for analysis.

Table 3 presents the demographic and clinical characteristics of
the participating patients by treatment group. The patients in both the
control and experimental arms were carefully enrolled according to
identical entry criteria. There were no statistically significant differ-
ences at the time of enrollment in age, sex, weight, ECOG performance
status, stage of disease, pathology, quality of life, or CA19-9. Bilirubin
and albumen were significantly higher in the chemotherapy group,

Table 2. Cox Proportional Hazard Mortality Rate Ratios for Treatment and
Other Risk Factors

Variable Hazard Ratio 95% CL P

Group
Chemotherapy 1.00
Enzyme 6.96 3.06 to 15.81 � .0001

Age
� 59 years 1.00
� 59 years 1.80 1.00 to 3.25 .05

Stage
II to III 1.00
IV 2.21 1.19 to 4.10 .01

ECOG performance status
0 1.00
1 4.44 1.86 to 10.62 .0008
2 4.66 1.28 to 16.94 .02

Abbreviations: CL, confidence limit; ECOG, Eastern Cooperative Oncology Group.

70 patients assessed for eligibility criteria by the study chair
Eligibility criteria:

Inoperable biopsy-proven adenocarcinoma of pancreas;
stages II-IV; ECOG performance status ≥  2; WBC > 3,000/μL;
platelets > 100,000/μL; BUN < 1.5 times normal; bilirubin <

1.5 times normal; SGOT or SGPT < 1.5 times normal; 

9 patients
did not meet inclusion

criteria

32 patients analyzed

23 patients received
chemotherapy

32 patients received enzyme
treatment (8 patients

received chemotherapy
prior to death)

23 patients analyzed

61 patients enrolled
6 patients excluded from

data analysis due to
enrollment irregularities:
5 time to treatment > 8
weeks from diagnosis.

1 misplaced consent form55 patients enrolled in nonrandomized
controlled prospective trial

(selecting their own treatment) Fig 1. tudy design of controlled, nonran-
domized trial. ECOG, Eastern Cooperative
Oncology Group; BUN, blood urea nitro-
gen; SGOT, aspartate aminotransferase;
SGPT, alanine aminotransferase.
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but all values were clinically within normal limits and met eligibil-
ity criteria.

The primary end point was overall survival. As the Kaplan-Meier
curves demonstrate (Fig 2), there was a 9.7-month median survival
advantage for patients on chemotherapy treatment (median survival,
14 months) compared with those on enzyme treatment (median sur-
vival, 4.3 months; P � .001). The accompanying SEER (Surveillance,
Epidemiology, and End Results) survival curve in Figure 2 has the
same distribution of local and regional disease as the study population.

Twelve months after enrollment, 56% of chemotherapy-group
patients were alive; 16% of the enzyme-group patients were alive. The
longest survivors were one chemotherapy-group patient who died at
39.5 months and one chemotherapy-group patient who was censored
at 37.5 months (ie, the closing date of the data analysis) and, at the time
of manuscript submission, was still alive at 40 months.

Both propensity score–adjusted and multivariate Cox propor-
tional hazards models were used to estimate the relative risk for mor-
tality. The log-rank test for analyzing the group effect on survival times
adjusted by propensity scores was less than .001. Both methods gave
similar results (Table 1).

Adverse events appeared similar in both groups and were difficult
to distinguish from the morbidity of progressive pancreatic cancer.
One patient in the chemotherapy group died as a result of a pulmo-
nary embolus.

Patients in the two groups responded similarly to the question-
naires on quality of life before initiation of therapy, but the overall
FACT-PA scores during 12 months decreased more in the enzyme
group than in the gemcitabine group (Fig 3). Twenty-four percent of
total measurements were missing. Quality of life scores of both groups
were significantly different (P � .01). During the first 6 months of the
study, pain scores increased in the enzyme group, but they decreased
in the chemotherapy group (P � .05); however, few patients reported
on use of analgesics. (Table 2).

Table 3. Demographic and Clinical Characteristics of Patients in the
Chemotherapy and Enzyme-Treatment Groups

Variable

Treatment

P
Chemotherapy

(n � 23)
Enzyme Treatment

(n � 32)

Sex .22
Male

No. 16 17
% 70 53.1

Female
No. 7 15
% 30 46.9

Stage .54
II to III

No. 9 10
% 39.1 31.3

IV
No. 14 22
% 60.9 68.7

ECOG performance status
0

No. 4 11
% 17 34.4

1
No. 17 19
% 74 59.4

2
No. 2 2
% 9 6.2

Age, years .98
Mean 58.44 58.47
SD 9.38 9.23

Weight, kg .93
Mean 70.88 71.22
SD 14.37 12.05

Total bilirubin, mg/dL .01
Mean 1.04 0.63
SD 0.64 0.35

Alkaline phosphatase, U/L .86
Mean 126.09 121.31
SD 82.20 105.59

WBC, 109/L .18
Mean 7.78 6.81
SD 2.73 2.45

Hematocrit, % .92
Mean 37.08 37.32
SD 7.03 9.39

Platelet, 109/L .53
Mean 245.91 230.28
SD 110.86 73.71

BUN, mg/dL .35
Mean 14.78 13.44
SD 4.48 6.11

Creatinine, mg/dL .24
Mean 1.21 0.84
SD 1.73 0.22

Albumin, g/dl .04
Mean 4.27 4.00
SD 0.52 0.47

AST, U/L .80
Mean 25.09 26
SD 15.16 10.43

ALT, U/L .41
Mean 38.26 31.43
SD 35.24 18.60

CA19-9, U/mL .9219
Mean 9,117 9,700
SD 15,945 20,347

Total QOL score .42
Mean 107.31 111.69
SD 18.42 15.45

Abbreviations: ECOG, Eastern Cooperative Oncology Group; SD, standard
deviation; BUN, blood urea nitrogen; QOL, quality of life.
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Fig 2. Kaplan-Meier curves for the enzyme and chemotherapy (chemo) groups
and for patients with stages II to IV pancreatic cancer in SEER (Surveillance,
Epidemiology, and End Results).
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DISCUSSION

Most patients with cancer use some form of complementary
medicine,15-17 such as vitamins, nutritional supplements, diet, exer-
cise, or prayer, in addition to cancer therapy. Many studies have been
published on the merits and dangers of these additional remedies.18-20

Little is known, however, about either the prevalence or the benefits
and harms of alternative medicine used in place of conventional,
evidence-based treatments.

Many patients believe that alternative medicine offers better
quality of life than standard cancer therapies.21,22 In this study, pa-
tients in the enzyme-treatment and chemotherapy groups had similar
scores in quality of life at enrollment, but the enzyme group fared
much worse than the gemcitabine group in the subsequent year. In
part, this was due to missing data related to active disease and early
deaths among the enzyme-group patients (Figs 2 and 3). Pain levels
appeared to diverge during the initial 6 months of the study and were
more severe among the enzyme group.

This report may be among the first controlled, clinical studies to
compare allopathic treatment to an alternative medicine program for
a survival end point.20 Other studies have investigated mixtures of
herbal or vitamin therapies or compounds isolated from natural sub-
stances for symptom relief.23

Despite the intent of all the investigators involved to complete the
study as an initially planned (ie, a randomized, controlled trial), phy-
sicians and patients were strongly committed to their own beliefs.
Unless physicians convey clinical equipoise and sincere uncertainty
about which treatment is better, patients rarely submit to random
assignment, especially in the setting of a lethal disease.24 However, the
contemporaneous enrollment of participants who met the eligibility
criteria into two well-balanced groups increased the study design to
the second highest level of evidence-based quality, as defined by the US
Preventive Services Task Force.25,26

Although randomized, phase III trials are considered the gold
standard in evidence-based medicine,27,28 many treatments have been
accepted as beneficial on the basis of phase II trials. These include
penicillin for the treatment of pneumococcal pneumonia,29,30 meth-
otrexate for the treatment of acute lymphocytic leukemia,31 and—

more recently—imatinib for the treatment of chronic myelogenous
leukemia.32

This study avoided many of the weaknesses of observational
studies, because the two groups were similar in demographic and
clinical characteristics; propensity scores were used; the end point of
overall survival was clearly defined; and patients in both groups were
encouraged to use comparable additional medical care. Each group
was allowed to cross over to other therapies, including chemotherapy,
and the patients were observed for intent to treat until death. These
criteria have been stressed by Hartz et al.24,33,34

The chemotherapy chosen for the control arm was the best re-
ported when this study was initiated in 1998.4 Since that time, addi-
tional agents have been added, such as capecitabine and docetaxel, the
latter of which is being studied currently in a phase II trial at Columbia
University Medical Center.35,36 Other regimens have been explored,
but no published reports of controlled randomized trials to date have
indicated that the newer treatments improve overall survival more
than a few months.5,37-39 Erlotinib (Tarceva, OSI Pharmaceuticals,
Melville, NY), a biologic response modifier, combined with gemcitab-
ine and compared with gemcitabine alone has been shown to increase
the median overall survival by 0.5 months in a phase III trial.40

The difference in survival between patients who chose
gemcitabine-based chemotherapy and those who chose enzyme treat-
ment was statistically significant. The median survival of 4.3 months
among patients who chose enzyme therapy was less than that observed
in the most recently published SEER database (with survival through
2002), among patients with similarly staged disease (Fig 2).41

The median survival in the enzyme-treatment group also was
shorter than that of the gemcitabine (ie, control) arm in the recently
presented ECOG trial that compared two schedules of gemcitabine
with the combination of gemcitabine and oxaliplatin,42 and median
survival was shorter than that of the gemcitabine arm in several other
reported studies.38-40,43

The findings in this study suggest that controlled studies of alter-
native medicine regimens are feasible44 and that gemcitabine-based
chemotherapy appears superior to pancreatic enzyme therapy at these
doses and schedules. The unexpectedly long survival observed in the
gemcitabine group also may have been due to the selection criteria and
changes in supportive care (eg, better use of surgical procedures,
antibiotics, pain medication, and noninvasive placement of biliary
stents).45 The addition of biologic response modifiers may addition-
ally improve the results we observed.

Pancreatic cancer is the fourth major cause of cancer death.
Together with other studies, these findings suggest that recent ad-
vances in conventional treatment have improved survival and offer
longer survival and better quality of life to patients with pancreatic
cancer. These observations should spark additional clinical research in
this relatively neglected disease.
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